1. Introduction {#sec1}
===============

Lung cancer is the leading cause of cancer-related death worldwide, leading to severe threats to the public health \[[@B1]\]. Non-small-cell lung cancer (NSCLC) is the predominant pathological type of lung cancer accounting for about 85% in total \[[@B2]\]. For the NSCLC patients, mediastinal or pulmonary lymph node metastasis is a crucial factor for the establishment of treatment regimen and judgment of outcome. The conventional lymph node metastasis refers to the metastasis of cancer cells from the peripheral lymph nodes to the mediastinal lymph nodes through the hilum of lung, while partial patients showed skip N2 metastases (SN2) in the mediastinal lymph nodes rather than the hilar lymph nodes \[[@B3]\]. In the eighth version of the TNM staging guidelines for lung cancer, SN2 is classified into the N2a1 substage \[[@B4], [@B5]\]. To date, rare studies have been focused on the evaluation of SN2 using the ^18^F-FDG PET/CT scan. The uptake of ^18^F-FDG in the primary lesions of NSCLC is considered as an independent risk factor for lymph node metastasis \[[@B6], [@B7]\]. In addition, the tumor volume and pathological Ki67 expression were closely related to the lymph node metastasis in the NSCLC patients \[[@B8], [@B9]\]. In this study, we retrospectively analyzed 65 NSCLC cases confirmed with pulmonary, ipsolaterally hilar, or mediastinal lymph nodes, with an aim at investigating the correlation between SN2 and the maximum standardized uptake value (SUV~max~) by ^18^F-FDG PET/CT, Ki67 expression on SN2, and the clinical features of SN2 in patients with different pathological types (i.e., squamous carcinoma or adenocarcinoma).

2. Materials and Methods {#sec2}
========================

2.1. Clinical Data {#sec2.1}
------------------

A total of 65 NSCLC patients, who received ^18^F-FDG PET/CT within 2 weeks before surgery in our hospital between January 2016 and December 2018, were included in this study. The inclusion criteria were as follows: those aged ≤ 75 yrs; those confirmed with pulmonary, ipsolaterally hilar, or mediastinal lymph node metastasis; suspected with thoracic lymph node metastasis after PET/CT scan; received no chemotherapy and/or radiotherapy before PET/CT and surgery; and those with no other malignancies. Those aged \> 75 yrs, with surgical contraindications or mediastinal/supraclavicular lymph node metastasis (N3) and distal metastasis (M~1~), were excluded from the study ([Figure 1](#fig1){ref-type="fig"}). Each patient signed the informed consent. The study protocols were approved by the Ethical Committee of Changzhou Second People\'s Hospital Affiliated to Nanjing Medical University.

2.2. ^18^F-FDG PET/CT {#sec2.2}
---------------------

PET/CT was performed using the uMI780 112 facility (United Imaging, Shanghai, China). Prior to the scan, all the patients were required in a fasting condition for 6 hrs and then intravenous injection of ^18^F-FDG (0.12 mCi/kg) was given. After a 60 min rest, whole-body PET/CT was carried out. The reconstructed images were collected to obtain the SUV~max~. Two experienced radiologists reviewed the images in a blinded manner. The SUV~max~ of the primary lesions was determined using the multiple ellipse region of interest (ROI) from cross-section, which meant the semiquantitative analysis for the maximum value. A SUV~max~ of ≥2.5 was defined as abnormality \[[@B10]\]. In addition, the clinical files were taken into consideration for the diagnosis.

2.3. Ki67 Expression Determination {#sec2.3}
----------------------------------

The immunohistochemistry findings of Ki67 were obtained from the postoperative pathology. Positive staining was defined as the presence of brown granules in the nucleus.

2.4. Statistical Analysis {#sec2.4}
-------------------------

The MedCalc software package was utilized for the statistical analysis. The pathological findings were used as the gold standards. On this basis, the sensitivity and specificity of SN2 in NSCLC patients were compared and calculated using PET/CT. The Kolmogorov-Smirnov was used to evaluate the normal distribution of the data. The measurement data that were normally distributed were presented as mean ± standard deviation. Intergroup comparison was given using the independent *t*-test, Satterthwaite *t*-test, or Mann--Whitney nonparameter test. Chi-squared test or Fisher\'s exact test was utilized for the comparison of the intergroup sample rate. The univariate and multivariate logistic regression analysis was used for the evaluation of the risk factors of SN2. The receiver operating characteristic (ROC) curvature was used for the analysis of the best cutoff value for the continuous data. *P* \< 0.05 was considered statistically significant.

3. Results {#sec3}
==========

3.1. Clinical Data {#sec3.1}
------------------

Using the pathological data as the golden standard for the diagnosis of lymph node metastasis, 65 NSCLC patients were included in this study ([Table 1](#tab1){ref-type="table"}). The pathological types consisted of squamous carcinoma (*n* = 26), adenocarcinoma (*n* = 36), adenosquamous carcinoma (*n* = 2), and lymphoepithelioma (*n* = 1). The number of patients with non-SN2 (e.g., hilar lymph node metastasis and/or mediastinal lymph node metastasis) and SN2 was 46 and 19, respectively. In the squamous carcinoma patients, 16 (61.5%) showed non-SN2 and 10 (38.5%) showed SN2 ([Figure 2](#fig2){ref-type="fig"}, 2a and 2b). In the adenocarcinoma patients, 28 (77.8%) showed non-SN2 and 8 showed SN2 ([Figure 2](#fig2){ref-type="fig"}, 2c and 2d). For the patients with other pathological types (*n* = 3), 2 (66.7%) showed non-SN2 and 1 (33.3%) showed SN2, respectively.

3.2. Clinical Analysis of SN2 in the Whole Group {#sec3.2}
------------------------------------------------

In the patients with SN2, the expression of Ki67 was higher than that of the non-SN2 patients (*P* = 0.008). No statistical differences were noticed in the age, gender, primary lesion site, history of smoking, pleural involvement, pathological type, and long diameter (*P* \> 0.05, [Table 2](#tab2){ref-type="table"}). Multivariate analysis showed that Ki67 elevation was an important factor for the pathogenesis of SN2 (OR = 1.042, 95% CI: 1.009-1.076).

3.3. Comparison of Clinical Features between SN2 and Non-SN2 Groups in Squamous Carcinoma Patients {#sec3.3}
--------------------------------------------------------------------------------------------------

The SUV~max~ in the squamous carcinoma patients with SN2 and the non-SN2 group was 10.7 ± 5.6 and 16.3 ± 6.0, respectively. The SUV~max~ in the non-SN2 patients with squamous carcinoma was significantly higher than that of the SN2 cases (16.3 ± 6.0 vs. 10.7 ± 5.6, *t* = 2.369, *P* = 0.026). The long diameter of the squamous carcinoma patients with SN2 and the non-SN2 group was 48.1 ± 25.5 mm and 45.8 ± 27.5 mm, respectively. The long diameter of tumor in the SN2 patients and non-SN2 patients showed no statistical differences (48.1 ± 25.5 mm vs. 45.8 ± 27.5 mm, *t* = 0.771, *P* = 0.578). The Ki67 in the squamous carcinoma patients with SN2 and the non-SN2 group was 65.0 ± 5.4 and 61.7 ± 18.0, respectively. Meanwhile, no statistical differences were noticed in the Ki67 expression in SN2 patients and non-SN2 patients (65.0 ± 5.4 vs. 61.7 ± 18.0, *t* = 0.505, *P* = 0.619, [Table 3](#tab3){ref-type="table"}).

3.4. Comparison of Clinical Features between SN2 and Non-SN2 Groups in Adenocarcinoma Patients {#sec3.4}
----------------------------------------------------------------------------------------------

The SUV~max~ in the adenocarcinoma patients with SN2 and the non-SN2 group was 11.8 ± 3.6 and 10.9 ± 5.6, respectively. The SUV~max~ in the SN2 patients with adenocarcinoma showed no differences compared with that of the non-SN2 cases (11.8 ± 3.6 vs. 10.9 ± 5.6, *t* = 0.411, *P* = 0.684). The long diameter in the adenocarcinoma patients with SN2 and the non-SN2 group was 43.8 ± 16.3 mm and 30.1 ± 13.8 mm, respectively. The long diameter of tumor in the SN2 patients was significantly higher than that of non-SN2 patients (43.8 ± 16.3 mm vs. 30.1 ± 13.8 mm, *t* = 2.244, *P* = 0.032). The Ki67 in the adenocarcinoma patients with SN2 and the non-SN2 group was 51.7 ± 24.0 and 30.0 ± 19.2, respectively. Meanwhile, no statistical differences were noticed in the Ki67 expression in SN2 patients and non-SN2 patients (51.7 ± 24.0 vs. 30.9 ± 19.2, *t* = 2.332, *P* = 0.028, [Table 4](#tab4){ref-type="table"}).

3.5. Efficiency of ^18^F-FDG PET/CT on Evaluation of SN2 {#sec3.5}
--------------------------------------------------------

For the patients with squamous carcinoma, the sensitivity, specificity, and accuracy for SN2 using PET/CT was 80.0% (8/10), 93.8% (15/16), and 88.5% (23/26), compared to the gold standard (i.e., pathological report). The ROC curvature showed that the maximal AUC (AUC = 0.769, *P* = 0.01) was obtained when the SUV~max~ was 11.4 ([Figure 3](#fig3){ref-type="fig"}). The generated sensitivity and specificity was 70.0% and 81.3%, respectively. Using the combination of PET/CT and cutoff value of SUV~max~ (\<11.4) for the diagnosis of SN2 (*n* = 6) and non-SN2 (*n* = 26), the sensitivity and specificity for SN2 of the squamous cancer was 60.0% (6/10) and 100% (16/16), respectively. For the patients with adenocarcinoma, the sensitivity, specificity, and accuracy for PET/CT-based SN2 was 62.5% (5/8), 92.9% (26/28), and 86.1% (31/36), compared to the gold standard. The maximal AUC (AUC = 0.745, *P* = 0.025) was obtained in the presence of a long tumor diameter of 41.6 mm ([Figure 4](#fig4){ref-type="fig"}). The sensitivity and specificity was 62.5% and 85.2%, respectively. Based on the combination of PET/CT and the cutoff value of long tumor diameter (\>41.6 mm), the sensitivity and specificity for SN2 of the adenocarcinoma patients were 50.0% (4/8) and 100% (28/28), respectively.

4. Discussion {#sec4}
=============

The mediastinal lymph node metastasis in NSCLC patients is usually through multiple classic pathways, which involves the dissemination of primary cancer cells to the pleura and hilar lymph nodes (N1), the ipsolateral mediastinal lymph nodes (N2), and finally the contralateral mediastinal lymph nodes and supraclavicular lymph nodes (N3). In a previous study, Riquet et al. \[[@B3]\] reported that there was direct lymphatic vasculature to the diaphragmatic lymph nodes in the inferior lung segment near the pleura. In the cases of lymphatic metastasis, it may surpass the pulmonary lymph nodes and hilar lymph nodes, which was defined as SN2. Such phenomenon was reported to show an incidence of about 20%-40% \[[@B3], [@B11]--[@B13]\]. Meanwhile, Zhao et al. \[[@B13]\] revealed that SN2 commonly existed regardless of the surgical options or clearance of lymph nodes. Nowadays, there are still some disputes on the evaluation of SN2 in the NSCLC patients, including the incidence \[[@B14]\], metastatic mechanism \[[@B11]\], and prognosis \[[@B13]\]. In the past decades, the SN2 was mainly evaluated based on the NSCLC views. If possible, accurate evaluation should be given in the pathological subtypes, which may be helpful to illustrate the clinical symptoms differences.

^18^F-FDG PET/CT is considered as the gold standard for the noninvasive imaging evaluation for the clinical staging of NSCLC \[[@B15]\]. Such technique could present the morphological parameters of lymph nodes and judge the malignant or benign types of the glucose metabolism in lymph nodes. The corresponding semiquantitative index was illustrated as SUV~max~. According to the previous study, SUV~max~ was correlated to the lymphatic invasion and lymph node metastasis \[[@B6]\]. To date, rare studies have been focused on the relationship between SUV~max~ and SN2. In this study, there were no statistical differences in the SUV~max~ and long tumor diameter in the SN2 group and non-SN2 group. However, for the patients with squamous carcinoma, pathological subtype analysis showed that the SUV~max~ in the non-SN2 group was superior to that of the SN2 group (*P* = 0.026). In the adenocarcinoma patients, the long diameter of tumor in the SN2 group was significantly longer than that of the non-SN2 group (*P* = 0.032). Therefore, SN2 was associated with SUV~max~ in the patients with squamous carcinoma and was associated with long diameter in the adenocarcinoma patients. The differences of clinical features between the squamous carcinoma and adenocarcinoma may be related to the biological behaviors of various pathological tumors.

Most of the squamous carcinoma was in a central type. Its conventional metastasis pathway was mainly featured by the lymphatic canal between the lesions and the mediastinum. Those with a higher SUV~max~ presented a high cancer proliferation and metastasis, together with elevation in the peripheral angiogenesis and generation of lymphatic vessels \[[@B16], [@B17]\], which then promoted the conventional metastasis velocity that was even a faster entry to the mediastinum than the SN2. Therefore, the possibility of SN2 detection may be reduced. The adenocarcinoma were mainly in a peripheral type, with the hematogenous metastasis as the main type. A larger tumor volume presented a close distance between the lesions to the peripheral pleura, and the peripheral vessels and lymphatic capillary between the lobes were more abundant. This contributed to the increased possibility of cancer cells into the SN2 metastasis pathway (subpleural lymphatic vessels), which was featured by a correlation between adenocarcinoma SN2 and long diameter of tumor.

Ki67, a cell cycle related protein, has been listed as an effective index for evaluating the proliferation of cancer cells and the treatment prognosis \[[@B18], [@B19]\]. In a previous study, Ki67 expression was reported to be closely related to the lymph node metastasis and tumor staging, together with the prognosis of adenocarcinoma patients \[[@B9]\]. To our best knowledge, there are no studies focused on the relationship between Ki67 expression and SN2. In this study, patients with high expression of Ki67 were likely to present SN2. The potential causes may be related to the fact that the entry of cancer cells into the lymphatic vasculature was regulated by the proliferation of cancer cells, as well as the adhesion of cancer cells and the lymphatic epithelial cells \[[@B20], [@B21]\]. The cancer cells with high expression of Ki67 showed higher proliferation capacity, which showed a higher potency of rapid entry to the lymphatic vasculature that was featured by high possibility of SN2.

SN2 has been commonly acknowledged to be associated with satisfactory prognosis; however, some studies proposed no association between SN2 and the prognosis \[[@B11], [@B14]\]. The disputes are mainly stemmed from studies involving only single-station SN2 \[[@B15]\]. These studies were mainly focused on the NSCLC, other than the squamous carcinoma or adenocarcinoma. Nowadays, it has been reported that NSCLC patients with single-station SN2 showed similar overall survival, relapse-free survival, and N1 staging, and surgery is considered to be appropriate for the treatment \[[@B18]\]. Therefore, clinical evaluation of SN2 is of prime importance for the diagnosis, treatment, and prognosis of certain disease. In this study, there were false positivity and negativity when evaluating the SN2 in those with squamous carcinoma or adenocarcinoma using the PET/CT technique. The diagnostic specificity for the technique combined with threshold of SUV~max~ or combined with the longest tumor diameter was 100%, respectively. Besides the detection of SN2, it would contribute to the diagnosis of single-station or multiple-station SN2, which may provide benefits to the preoperative SN2.

There are really some limitations in this study. The conclusions in this study are required to be confirmed by multicentered, large sample studies. In addition, only preliminary investigation was given to the PET/CT findings of the SN2. In the future, studies are needed to fully illustrate the pathogenesis of SN2 and its clinical significance.

In summary, SN2 is common among NSCLC patients. It is of prime importance in the improvement of the TNM staging, treatment regimen preparation, and judgment of treatment prognosis. In this study, the differences of clinical features of the patients in the SN2 group and non-SN2 group in the NSCLC patients were associated with the pathological subtypes, which were featured by lower SUV~max~ in the SN2 of the squamous carcinoma, and longer long diameter of SN2 in the adenocarcinoma patients. PET/CT provided additional information of preoperative SN2 for the diagnosis of NSCLC.
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![Study flowchart.](BMRI2020-9298358.001){#fig1}

![The fusion image (a) and MIP image (b) of patients with pulmonary adenocarcinoma and squamous carcinoma. 1a and 1b: a 66-year-old male patient presented with squamous carcinoma in the inferior lobe of the left lung combined with hilar lymph node metastasis. The SUV~max~ was about 15.1 and Ki67 was about 70, which was presented as non-SN2. 2a and 2b: a 55-year-old male patient showed squamous carcinoma in the middle lobe of the right lung combined with paratracheal lymph nodes. No lymph node metastasis was observed in the right hilum of the lung. The SUV~max~ was about 10.8, and Ki67 was about 60, which was presented as SN2. 3a and 3b: a 67-year-old male patient presented to our hospital due to adenocarcinoma in the superior lobe of the right lung combined with right hilar lymph node metastasis. The long diameter of tumor was about 24.0 mm, and Ki67 was about 30, which was presented as non-SN2. 4a and 4b: a 64-year-old female patient showed adenocarcinoma in the inferior lobe of the right lung combined with lymph node metastasis beneath the eminence. There were no lymph node metastases in the right hilum of the lung. The long diameter of the tumor was about 47.0 mm, and Ki67 was about 70, which was presented as SN2.](BMRI2020-9298358.002){#fig2}

![The ROC curvature of the SN2 based on the SUV~max~ in patients with squamous carcinoma.](BMRI2020-9298358.003){#fig3}

![ROC curvature of the SN2 based on the long diameter of tumor in patients with adenocarcinoma.](BMRI2020-9298358.004){#fig4}

###### 

General characteristics of the 65 NSCLC patients.

  Variables                  *N* (%)
  -------------------------- ------------
  Age                        
   \<60 yrs                  16 (24.6%)
   ≥60 yrs                   49 (75.4%)
  Pathological type          
   Adenocarcinoma            36 (55.4%)
   Squamous carcinoma        26 (40.0%)
   Adenosquamous carcinoma   2 (3.1%)
   Lymphoma-like carcinoma   1 (1.5%)
  T staging                  
   T~1~                      22 (33.8%)
   T~2~                      28 (40.3%)
   T~3~                      12 (19.4%)
   T~4~                      3 (6.5%)
  N staging                  
   N1a                       14 (21.5%)
   N1b                       4 (6.2%)
   N2a1                      19 (29.2%)
   N2a2                      15 (23.1%)
   N2b                       13 (20.0%)
  TNM staging                
   IIB                       22 (33.8%)
   IIIA                      34 (52.3%)
   IIIB                      9 (13.8%)

NSCLC: non-small-cell lung cancer.

###### 

Clinical symptoms of patients in SN2 and non-SN2 groups.

  Variables                      SN2 group (n = 19)   Non-SN2 group (*n* = 46)   *t*/*χ*^2^   *P* value
  ------------------------------ -------------------- -------------------------- ------------ -----------
  Age                            63.1 ± 6.2           61.9 ± 9.0                 0.485        0.629
  Gender                                                                         ---          0.14
   Male                          16                   29                                      
   Female                        3                    17                                      
  Smoking                                                                        ---          0.803
   Yes                           4                    11                                      
   No                            15                   35                                      
  Tumor site                                                                     ---          0.658
   Right upper lobe              6                    12                                      
   Middle lobe                   2                    5                                       
   Right low lobe                3                    12                                      
   Left upper lobe               4                    7                                       
   Left low lobe                 4                    10                                      
  Pleural invasion                                                               ---          0.875
   Yes                           3                    8                                       
   No                            16                   38                                      
  Pathological type                                                              1.785        0.182
   Squamous carcinoma            10                   16                                      
   Nonsquamous carcinoma         9                    30                                      
   Ki67 expression               60.5 ± 16.5          41.2 ± 20.1                2.828        0.008
   Long diameter of tumor (mm)   44.8 ± 20.2          35.2 ± 19.8                1.765        0.123
   Tumor SUV~max~                11.2 ± 5.0           12.6 ± 6.4                 0.823        0.396

SUV~max~: maximum standardized uptake value. Fisher\'s exact method.

###### 

Comparison of clinical features in the squamous carcinoma patients with SN2 and the non-SN2 group.

                                           SN2 group (*n* = 10)   Non-SN2 group (*n* = 16)   *t*     *P* value
  ---------------------------------------- ---------------------- -------------------------- ------- -----------
  SUV~max~, squamous carcinoma             10.7 ± 5.6             16.3 ± 6.0                 2.369   0.026
  Long diameter (mm), squamous carcinoma   48.1 ± 25.5            45.8 ± 27.5                0.771   0.578
  Ki67 expression                          65.0 ± 5.4             61.7 ± 18.0                0.505   0.619

###### 

Comparison of clinical features of adenocarcinoma patients with SN2 and the non-SN2 group.

                                       SN2 group (*n* = 8)   Non-SN2 group (*n* = 28)   *t*     *P* value
  ------------------------------------ --------------------- -------------------------- ------- -----------
  SUV~max~, adenocarcinoma             11.8 ± 3.6            10.9 ± 5.6                 0.411   0.684
  Long diameter (mm), adenocarcinoma   43.8 ± 16.3           30.1 ± 13.8                2.244   0.032
  Ki67 expression                      51.7 ± 24.0           30.0 ± 19.2                2.332   0.028
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